The aim of the study was to determine the influence of production technology intensity on the yield level of spring triticale cultivars Nagano and Legalo, depending on the percentage of cereals in the sowing structure (50, 75, 100 %). In 2012 and 2016 a field experiment was conducted in ES IUNG -PIB in Pulawy, Poland, on the soil of a good wheat complex. The research factors were intensive and integrated production technologies, and Nagano and Legalo cultivars. the yields of spring triticale grains depended mainly on hydrothermal conditions in the years of research, production technology, and genetic factor. In 2012, under conditions of 100 % share of cereals in crop rotation and intensive technology, grain yields were by 0.76 t.ha -1 higher than those obtained under the integrated technology. Lower precipitation in June (2016) compared to the long-term average, resulted in similar yields of triticale under both production technologies. In the rotation with a lower percentage of cereals, a higher triticale grain yield was obtained than in cereal monoculture. The evaluation of the applied production technologies showed that Nagano cultivar yielded higher than other tested cultivars.
Introduction
In Poland, spring triticale accounts for 3 % of the grain sowing structure. It has lower soil requirements than wheat and spring barley [1;2] . Triticale is harvested mainly for fodder because it is characterized by high nutritional value of grains [3] . It contains less fibre than barley or oat grain and is richer in protein, which is distinguished by a good amino acid composition and a high digestibility factor [4;5] . Many studies [3;4; 6-10] show that there are great possibilities of shaping the yield of cereals through an appropriate selection of agrotechnical treatments, including plant protection treatments and nitrogen fertilization.
In spring triticale cultivation, it is important to determine the optimum intensity of production technology adapted to local soil and climate conditions [11;12] .
Increasing the intensity of production adversely affects the natural environment. An alternative to the intensive system is integrated technology. In integrated production, the use of chemical plant protection products is limited to the necessary minimum, and the rates of mineral fertilizers are determined on the basis of the abundance of soil in nutrients and the assessment of the level of plant nutrition [12;13] .
In recent years, the percentage of cereals in the sowing structure has been increasing. One way to counteract the decline in cereal yields is to use a cultivation technology that provides plants with optimal conditions for growth and development.
It is assumed that spring triticale cultivars, under conditions of increasing percentage of cereals in the sowing structure, will respond in a different way to production technologies.
The aim of this study was to determine the impact of production intensity on the yield of spring triticale cultivars, depending on the percentage of cereals in the sowing structure.
Materials and methods
The research was conducted in 2012 and 2016 in ES IUNG -PIB in Osiny (51º15'N, 22º18'E). The two-factor split plot experiment was carried out on plots measuring 49 m 2 in 3 replications. Spring triticale was sown in the first decade of April. The experiment was conducted simultaneously in three fields, with 50 %, 75 % and 100 % share of cereals in the sowing structure. The first experimental factor was the production technology (integrated and intensive) and the second one -spring triticale cultivars (Legalo and Nagano). The applied technologies differed in terms of the level of mineral fertilization and chemical plant protection against pathogens (Table 1 ). In the integrated production technology, chemical spraying was applied after exceeding the harmfulness threshold [14] . In the full maturity stage, spring triticale grain yield was determined.
The obtained results were statistically worked out in the Statistica program, using the ANOWA variance analysis method, and the differences were estimated using the Tukey's test at the level of significance p = 0.05.
Weather conditions in 2012 and 2016 favorably influenced the emergence and tillering of spring triticale plants. In both growing seasons, air temperature was similar to the long term average. Particularly high precipitation deficits were recorded in May 2012 during the shoot formation period and in June 2016 during the earring period. On the other hand, precipitation above the long term average, which positively affected the formation of shoots on the plant. July 2012 was exceptionally wet, was recorded in May 2016. 
Results and discussion
The grain yield of spring triticale depended on hydrothermal conditions in the years of research, production technology, and genetic factor (Fig. 1, 2, 3) . Interactions among the studied factors occurred at 50, 75 and 100 % share of cereals in crop rotations (Fig. 2, 3) .
The yield level of spring triticale was influenced by the course of weather conditions in the growing season. Cereals exhibit sensitivity to periodic water shortages and respond with variable grain yield [8;10] . Favorable weather conditions in 2012 in the period of shoot formation and grain formation, had a positive effect on winter triticale grain yields. They were higher by 6 % compared to 2016 under conditions of 50, 75 and 100 % share of cereals in the sowing structure (Fig. 1) . The intensive production technology contributed to an increase in spring triticale yields. Nagano cultivar was characterized by significantly higher grain yields compared to Legalo cultivar (Fig. 1) . The grain yield of winter triticale of Nagano cultivar increased by 4 -5 % under 50 % and 100 % share of cereals in the sowing structure, and by 10 % at 75 % share of cereals in the sowing structure.
Higher spring triticale yields were obtained under the conditions of 50 % share of cereals in the sowing structure, while lower in cereal monoculture (Fig. 1) . According to Smagacz and Kuś [15] , relatively high cereal grain yields can be obtained in cereal crop rotations, however, in each case, lower than under 50 % share of cereals in the sowing structure.
For each variant of cereal percentage (50 %, 75 % and 100 %), interaction was found in the level of spring triticale yields between years and production technologies (Fig. 2) , as well as production technologies and cultivars (Fig. 3) .
Under conditions of 50 % share of cereals in the sowing structure in 2012, the spring triticale grain yield under the intensive production technology was higher by 21 % compared to the integrated technology and from 11 % to 20 % for both production technologies in 2016 (Fig. 2) . Given the higher amount of precipitation in June 2012, compared to the long term average, plants had better conditions for growth and development under the intensive technology than under the integrated technology. On the other hand, under conditions of a lower amount of precipitation in relation to the long term average, i.e. in 2016, a lower level of spring triticale yields under both production technologies, was achieved. On average, the spring triticale grain yield in 2016 was lower by 0.4 t . ha -1 compared to the yield in 2012. On the other hand, the average triticale grain yield from the integrated technology was lower by 0.16 t . ha -1 in relation to the intensive technology. Yield and quality of triticale grains are largely determined by agrotechnical factors, among which mineral fertilization, especially nitrogen [16] , has a large impact. Under 50 % and 75 % share of cereals in the sowing structure, the level of spring triticale yields from the integrated technology was similar in both years of research (Fig. 2) . On the other hand, in 2012 spring triticale from the intensive technology, as compared to the integrated technology, achieved yields higher by 9-11 %. Under conditions of cereal monoculture and intensive production technology in 2012, grain yields were by 0.76 t . ha -1 higher than in the integrated technology (Fig. 2 ). In 2016, the level of triticale yields in intensive technology was similar to that of the integrated technology in 2012. On the other hand, the integrated production technology yields of grain were by 6 % higher than those under the same technology in 2016. Triticale grain yields depended to a large extent on weather conditions in the growing season. In 2012, the amount of rainfall satisfied the needs of plants, providing favorable conditions for the growth and development of triticale.
The average triticale yield in monoculture conditions in 2012 was higher by 9 %, i.e. by 0.56 t·ha -1 as compared to 2016. In the three-year study, Nierobca et al. [17] , winter triticale of Kitaro cultivar under cereal monoculture yielded best after the application of intensive and medium-intensive technology, while the lowest, under the economical technology. In the Klimota study [6] , triticale protected with herbicide significantly increased the number of ears per unit of area each year, yielding at the level of 5.26 t·ha -1 with a control yield amounting to 4.66 t·ha -1 . The impact of weather conditions, cultivation intensity, and cultivar was also observed in the Kołodziejczyk and Szmigla [7] studies on spring wheat. The average grain yield of the evaluated spring wheat cultivars, grown according to the intensive technology was 7.11 t·ha -1 , being by 26.5 % higher than the yield obtained in medium-intensive cultivation. After applying the intensive production technology, both spring triticale cultivars yielded significantly higher. On the other hand, the grain yield of the studied cultivars was differentiated by the integrated technology. Under conditions of 50 % share of cereals in the sowing structure and intensive production technology, the tested cultivars yielded at the same level, similarly to Nagano cultivar yields obtained from the integrated production technology. In the integrated production technology, cultivar Legalo produced 0.3 t . ha -1 lower grain yield than in the intensive technology. A higher level of triticale yield in intensive production conditions was obtained by Mut et al. [9] . Under conditions of 75 % share of cereals in the sowing structure and in cereal monoculture, grain yield of Lagalo cultivar under the integrated technology was lower than under the intensive technology (Fig. 3) . The level of Nagano cultivar yields in the integrated technology was at the level of spring triticale grain yield from the intensive technology and Legalo cultivar from the integrated technology. Klikocka et al. [18] explained this by the differentiated needs of the genotype, which changes yield components under conditions of limited plant access to light, resulting from the increase in the density of ears per unit area.
Conclusions

1.
The grain yield of spring triticale depended mainly on hydrothermal conditions in the period of research, genetic factor, and production intensity. 2. In 2012, under conditions of a lower percentage of cereals in crop rotations, spring triticale grain yield in intensive production technology was by 21 % higher compared to the integrated technology, and 11-20 % higher than in both technologies in 2016. 3. Under conditions of 100 % share of cereals in rotation and intensive production technology in 2012, grain yields were by 0.76 t.ha -1 higher than in the integrated technology. 4. Lower amounts of precipitation in June (2016) compared to the long term average, resulted in similar yields of triticale under both production technologies. 5. In the correct crop rotation, a higher yield of triticale grain was obtained than under cereal monoculture. In the evaluation of the applied production technologies, Nagano cultivar yielded higher than other cultivars.
